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ABSTRACT 
Objective: This study aimed to evaluate the antidiabetic and antidepressant effects of banana peel flakes in streptozotocin-induced diabetic rats.  
Methods: Twenty-five male Wistar rats were classified into five groups with different treatments. Groups I to IV were diabetic rats model groups 
that consumed only standard diet, standard diet containing 5%, 10%, and 20% of banana peel flakes, respectively. While group V was a healthy 
control group fed a standard diet. Immunohistochemistry staining was measured to examine serotonin expression in the colon and pancreas.  
Results: The diabetic rats treated with 20% banana peel flakes had a lower blood glucose concentration (p<0.05) compared with diabetic control 
and showed a shorter duration of immobility time (p<0.05) than the healthy control. Additionally, compared with diabetic control, the diabetic rats 
treated with 5% banana peel flakes showed higher serotonin expression (p<0.05) in the colon. In contrast, serotonin expression in the pancreas did 
not show any significant difference (p>0.05). 
Conclusion: The present study disclosed that the banana peel flakes provided an antidepressant effect in the diabetic rats model, which might occur 
through the mechanism of controlling blood glucose concentration. 
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INTRODUCTION 
Patients with diabetes have a higher risk of depressive disorders 
compared with those who suffer from other diseases [1, 2], meanwhile 
depressed individuals are more vulnerable to metabolic disorders 
such as diabetes [3]. There is a strong relationship between changes in 
neuroactive metabolites and depression [4] so that depression is a 
consequence and risk factor for the development of diabetes. The 
hyperglycemic condition will trigger oxidative stress caused by the 
presence of glucose and free fatty acids, which will further encourage 
the production of reactive oxygen species and stimulate the 
production of inflammatory mediators such as interleukin-1 (IL-1), 
interleukin-6 (IL-6) [5], and serotonin [6, 7].  
Tryptophan acts as a response to inflammatory conditions. Around 
90% of tryptophan is available [8], and about 3% of tryptophan 
catabolism becomes serotonin, while the rest will be degraded by 
intestinal microflora producing indoles and its derivatives [9, 10]. This 
process implies strong competition in using tryptophan between the 
serotonin and kynurenine synthesis. In inflammatory conditions such 
as diabetes, tryptophan catabolism for kynurenine will be greater than 
for serotonin synthesis [11]. A change in the availability of serotonin 
will cause interference with the digestive tract and brain. At the same 
time, the presence of tryptophan, which only comes from the diet, will 
determine the brain’s ability to synthesize serotonin [12].  
A low tryptophan diet will cause low serotonin concentrations in the 
central nervous system in human and animal models [13]. Several 
studies have concluded that microflora in the digestive tract also 
plays a role in the process of synthesis of serotonin, which will 
further affect behavior, mood, and anxiety [12, 14]. This fact is 
related to the significant involvement of microflora in the brain-gut 
axis function, for which the occurrence of interference in two-way 
communication will affect the digestive system. In the condition of 
diabetes, inflammation may cause intestinal dysbiosis [15], which 
will change the normal microflora community in the digestive tract. 
These changes affect the regulation of immunity in the intestinal and 
brain organs and function of the central nervous system [12]. The 
diversity of intestinal microflora populations is mostly determined 
by dietary intake that further affects the availability of tryptophan, 
serotonin, and kynurenine. A good microflora population can be 
supported by the presence of dietary fiber as a prebiotic. Dietary 
fiber can be supplied from a wide variety of plants, including yellow 
kepok banana (Musa balbisiana Colla).  
Various food processing made from bananas will produce solid 
waste in the form of banana peels at 40% of the weight of fresh 
bananas. If the waste is not handled correctly, it will cause 
environmental problems [16]. Banana peels contain a number of 
chemical compositions that are beneficial to human health, including 
the complex carbohydrate that triggers the body to secrete insulin 
and attract some neutral amino acids in the tissues.  
The presence of phytochemical compounds, such as flavonoids and 
tannins, supports the role of banana fruit and peels as an 
antidiabetic agent [17, 18]. Flavonoid compounds inhibit glucose 
absorption in the intestines and increase the activity of β cells in the 
pancreas to secrete insulin [19]. Kepok banana peel (Musa 
balbisiana Colla) has been recognized to act as an antidepressant 
and antidiabetic agent [20–22] supported by the content of dietary 
fiber, amino acid tryptophan, and serotonin-forming precursors. 
Since the banana peels are perishable, the quality of components 
and nutrients could rapidly decrease after harvesting. Hence, further 
careful processing is needed to prolong the shelflife and to minimize 
the decrease of nutrients in the banana peels.  
This study aimed to evaluate the antidiabetic and antidepressant 
effects of banana peel flakes in streptozotocin-induced diabetic rats. 
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MATERIALS AND METHODS 
Banana peel flakes preparation 
The fresh “Kepok Banana” (Musa balbisiana Colla) was purchased 
from the local market in Sleman, Yogyakarta, Indonesia. The peels 
were removed and cleaned with water to remove any dirt and 
unwanted materials. Banana peels were then dipped into water 
containing 0.5% citric acid for 10 min; then, the peels were softened 
by steam blanching in a closed container at 85 °C for 10 min. 
Subsequently, the banana peels were blended with water (1:2). 
Finally, the banana peel flakes were prepared using a drum dryer 
and grounded to gain the particle size smaller than 1.0 mm. 
Mineral and vitamin analysis 
The mineral and vitamin content of the banana peels were analyzed 
according to the methods of the Association of Official Analytical 
Chemists [23]. 
Chemicals 
Streptozotocin (STZ), 5-Hydroxytryptophan, Serotonin, and Anti-
serotonin developed in rabbits and L-Tryptophan were purchased 
from Sigma Chemicals Co, St Louis, MO, USA. Fine test rabbit, DAB 
detection kit, was purchased from Wuhan Fine Biotech, China. All 
the chemicals used were of analytical grade and gained from Sigma 
Chemicals Co, St Louis, MO, USA. 
In vivo study 
Healthy adult male Wistar rats (Rattus norvegicus) weighing 150-
220 g were used in this study after gained ethical clearance from the 
Medical and Health Research Ethics Committee, Faculty of Medicine, 
Universitas Gadjah Mada (Ref: KE/FK/1375/EC/2018; dated 
12/28/2018). The animals were housed individually in 
polypropylene cages under a 12h light-dark cycle (light on at 6:00h) 
and controlled room temperature (22±2 °C) with free access to 
cubes of standard diet food and tap water during the experiment. 
Before starting experimental work, test animals were subjected to 
one week of acclimation period and various handling procedures to 
reduce the stress of novelty and handling. 
Induction of diabetes in rats 
Wistar rats (n=20) were injected intraperitoneally with STZ (60 mg/kg 
BW); Sigma-Aldrich, St Louis, MO) diluted in citrate-buffered saline (0.1 
mol/l, pH 4.5; Sigma-Aldrich), as previously described. The rats had free 
access to 5% of dextrose during 72 h. twenty rats with blood glucose 
levels of more than 250 mg/dl were included in this study. 
Experimental design for the study of antidiabetic and 
antidepressant-like effects 
Different concentrations of banana peel flakes were included in daily 
food following the grouping: diabetic and non-diabetic control fed a 
standard diet and the remaining groups received a standard diet 
containing banana peel flakes with various levels. Male rats were 
divided into five groups (5 rats each): Group I was served as diabetic 
control and received a standard diet. Groups II, III and IV were 
served as diabetic rats and received banana peel flakes 5%, 10%, 
and 20%, respectively. Group V was served as a non-diabetic control 
group and received a standard diet for three weeks. On the last day, 
rats were suspended on a horizontal rod 50 cm above the surface of 
the table approximately 1 cm from the tip of the tail (Tail Suspension 
Test) after 60 min of the administration of the last various levels of a 
standard diet containing banana peel flakes. The total duration of 
immobility by tail suspension test was measured to evaluate 
potential antidepressants. Immobility time was recorded with a 
webcam during a 6 min period [24]. 
Method of blood glucose concentration 
Before blood sampling, each rat was anesthetized using ketamine 70 
mg/kg BW on the left or right thigh of the rat. Blood samples were 
collected from the retro-orbital sinus of each rat for estimation of 
blood glucose concentration after 72 h of induced diabetes and then 
on the 7th, 14th, and 21st days of the experiment. Blood was taken as 
much as 200 µl to 1 ml, then was measured using spectro-
photometry. Blood glucose was also estimated by the Accu-Check Go 
glucometer. 
Procedure of immunohistochemistry 
Immunohistochemistry (IHC) analysis was performed to visualize 
and compare the distributions of serotonin in healthy and diabetic 
rats. Anti-serotonin (Sigma Chemicals Co, St Louis, MO, USA) 
antibodies and Fine Test rabbit-DAB (Poly-HRP) were used to detect 
the target proteins in paraffin sections of the colon and pancreas. 
Preparation of paraffin sections 
Colon and pancreas samples were collected from rats for histological 
evaluation. Samples were fixed in 100% neutral buffered formalin 
(Merck, Darmstadt, Germany) for 24 h. Samples were gradually 
dehydrated in 70%, 80%, 90%, 95% and absolute alcohol for 10 min 
each, and immersed in toluene solution for 60 min, following 
immersion in liquid paraffin (60 °C, for 25 min), and finally 
embedded in paraffin wax for slide fixation.  
Preparation of slides 
Paraffin sections were cut using a rotary manual microtome (Leica 
RM 2235, United States) and mounted on silane-coated slides 
(Merck, Darmstadt, Germany) and stored at room temperature.  
Antigen retrieval and detection of antigens 
Slides were next deparaffinization in xylene, after rehydrating 
tissues using graded ethanol, washed with purified water for 2 min, 
then washed with tris buffered saline (TBS) 3 times for 3 min each. 
Antigen retrieval was performed in citrate buffer pH 6 for 20 min, 
and the slides were placed into TBS and then washed by TBS 3 times 
for 3 min each. Furthermore, blocking serum was added to the tissue 
section to block non-specific immunostaining and incubated for 1 h 
at 37 °C. Excess blocking serum was blotted from sections. 
Secondary detection of the primary antibody 
The sections were incubated for 1 h at 37 °C, with primary antibody 
(a rat monoclonal antibody serotonin (5HT), Sigma Chemicals Co, St 
Louis, MO, USA, working dilution 1:6000 in 10 mmol sodium 
phosphate, pH 7.4, 0.9% saline (PBS)). Slides were washed 3 times 
for 3 min each with TBS and secondary Antibody Trekkie Universal 
Link, incubated for 10 min, while secondary antibodies were washed 
using PBS three times for 5 min. Sections were incubated for 30 min 
at 37 °C with poly-HRP Goat Anti-Rabbit IgG. Furthermore, slides 
were washed with PBST buffer for 3 min. A solution chromogen, 
3,3′-diaminobenzidine (DAB); 1 ml DAB working solution = 50 µl of 
Reagent A, 50 µl Reagent B, and 900 µl DAB substrate, available in 
KITS, was prepared and added to the slides. DAB from the slides was 
washed with purified water. 
Counterstaining 
A solution of hematoxylin Meyer’s was diluted with distilled water (1:4) 
for 1-3 min. The slides were dipped into a hematoxylin solution for 
staining. Then, slides were washed in running water and dehydrated by 
dipping in ethanol. Finally, the slides were washed in xylol and mounted 
in Frontier Duo EFH (Canada) and observed with an Olympus 
CX21/Optilens Optilab Standard light microscope (Carl Zeiss, 
Oberkochen, Germany) and photographed with a digital camera. 
Allred score determination 
This method has been described in previous research, where the 
numerical value for overall intensity [intensity score (IS)] was based on a 
4-point system: 0, 1, 2, and 3 (for none, light, medium, or dark staining). 
The numerical value for percent stained [proportion score (PS)] was 
determined by a geometric =rather than linear division; no stain = 0; 
≤1/100 cells stained = 1; ≤1/10 cells stained = 2; ≤1/3 cells stained = 3, 
≤2/3 cells stained = 4; all cells stained = 5. The addition of the two values 
gave the total Allred score, so the Allred score can vary between 0 and 8, 
although in practice, a score of 1 is precluded [25].  
Statistical analysis 
Data in all experiments were presented as means±SD. Differences in 
the measured values and changes in values of body weight, food 
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intake, fecal weight, blood glucose and expression of serotonin in the 
colon were analyzed by non-parametric Mann-Whitney U tests and 
differences in immobility time duration score and expression of 
serotonin in the pancreas were analyzed by parametric one-way 
ANOVA tests followed by LSD post-tests using computerized SPSS 
software (version 20.0, Chicago, USA). The results were considered 
statistically significant if the p values were 0.05 or less. 
RESULTS 
Effect of banana peel flakes on food intake, body weight, and 
fecal weight 
The results of the weight change indicated that after the three weeks 
treatment period, an increased weight gain was observed in the 
normal control group, while a decreased weight gain was observed 
in the diabetic group. The body weight of the diabetic control group 
was significantly reduced compared to banana peel flakes-treated 
diabetic rats (p<0.05). The diabetic control group lost 73.94 g after 
three weeks of treatment, and diabetic rats treated with banana peel 
flakes 20% lost only 11.16 g (table 1). Furthermore, no significant 
difference (p>0.05) was observed between the food intake of both 
normal and diabetic groups. The results of the fecal weight indicate 
that during the three weeks study period, the fecal weight of banana 
peel flakes-treated diabetic rats was higher than those of the 
untreated diabetic rats (p<0/05) and revealed a dose-dependent 
increase (p<0.05). 
Effect on blood glucose concentration 
Table 2 demonstrates the effect of banana peel flakes on blood 
glucose in normal and diabetic rats. The results of the statistical 
analysis indicated that there was a significant difference between 
the diabetic control group and the banana peel flakes-treated 
diabetic group. Standard diets containing banana peel flakes at the 
dose of 5, 10, and 20% were significantly (p<0.01) reduced the blood 
glucose levels when compared with a diabetic control group. 
  
Table 1: Bodyweight, food intake and fecal weight of control, STZ-diabetic, and diabetic treated rats after three-week treatment with 
banana peel flake 
Groups Food intake (g/d) Bodyweight (g) Fecal weight 
(g/d) Initial Final Weight changes 
Diabetic Control 14.6±0.5 200.6±16.9 126.7±18.4 -73.94±26.5 1.1±0.2 
Diabetic+flakes 5% 14.2±1.3 217.8±45.8 166.8±44.4* -51.04±1.4* 1.7±0.3* 
Diabetic+flakes10% 14.7±0.5 174.7±18.8 142.0±25.3 -32.68±18* 1.7±0.4* 
Diabetic+flakes 20% 14.7±0.5 180.8±17.1 169.6±26.5* -11.16±16* 3.3±0.1** 
Normal Control 13.7±1.4 194.9±6.8 243.2±14.3** -48.3±8.3** 2.3±2.8 
The values represent the mean±SD, Each group consisted of five animals, Experimental groups were statistically compared with the corresponding 
values of the diabetic control according to multiple comparisons by Mann-Whitney U tests, *Values are statistically significant at p<0.05, **Values 
are statistically significant at p<0.01. 
 
Table 2: Blood glucose concentration in control, STZ-diabetic, and diabetic treated rats after three-week treatment with banana peel 
flakes 
Groups Blood glucose (mg/dl) 
Initial Final Change in blood glucose 
Diabetic Control 358.8±29.7 410.4±36.3  51.6±48.9 
Diabetic+flakes 5% 376.3±38.6 140.5±39.3** -235.9±35.3** 
Diabetic+flakes10% 407.2±38.7 116.3±40.0** -290.9±93.8** 
Diabetic+flakes 20% 436.7±79.6  93.8±8.5** -342.9±80.8** 
Normal Control  95.5±7.9** 106.8±6.9**  11.2±5.5* 
The values represent the mean±SD, Each group consisted of five animals, Experimental groups were statistically compared with the corresponding 
values of the diabetic control according to multiple comparisons by Mann-Whitney tests, *Values are statistically significant at p<0.05, **Values are 
statistically significant at p<0.01. 
 
Table 3: Tail suspension test in control, STZ-diabetic, and diabetic treated rats after three-week treatment with banana peel flakes 
Groups Immobility time (s) 
Diabetic Control 138.2±26.27 
Diabetic+flakes 5% 134.2±33.33 
Diabetic+flakes10% 111.4±5.03 
Diabetic+flakes 20%  64.4±22.23* 
Normal Control  75.0±20.60* 
The values represent the mean±SD, Each group consisted of five animals, Experimental groups were statistically compared with the corresponding 
values of the diabetic control according to multiple comparisons by LSD tests, *Values are statistically significant at p<0.05, **Values are statistically 
significant at p<0.01 
 
Effect on the duration of immobility time 
The effect of banana peel flakes on the duration of immobility time is 
illustrated in table 3. One way ANOVA indicated that there were 
significant differences between diabetic rats treated with banana 
peel flakes 20% and diabetic control group. Rats treated with 
standard diet containing banana peel flakes 20% showed a 
significantly lower duration of immobility time when compared with 
the diabetic control group. 
Effect on serotonin expression in colon and pancreas 
To investigate the expression of serotonin in tissues of normal and 
diabetic treated rats, IHC analyses were performed. The results 
indicated that all the groups showed individual cells with positive 
IHC staining for serotonin both in the colon and pancreas (fig. 1 and 
fig. 2). Serotonin was expressed at significantly higher levels in the 
colons from the banana peel flakes 5%-treated diabetic group 
compared with the diabetic control group (p<0.05) (table 4). 
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However, there was not a significant difference in the banana peel 
flakes (10% and 20%)-treated diabetic group compared to the 
diabetic control group. Based on these results, the diabetic condition 
may increase serotonin expression in the colon. Furthermore, there 
were no significantly different expressions of serotonin observed in 
the pancreas of control and treated diabetic rats (table 5). This 
result suggests that diabetes did not affect the expression of 
serotonin in the pancreas. 
 
Table 4: Serotonin immunehistochemical analysis in the colon for control, STZ-diabetic and diabetic treated rats after three-week 
treatment with banana peel flakes 
Groups Proportion score  Intensity score  Allred score  Interpretation 
Diabetic Control 4.4±0.5 2.8±0.4 7.1±0.8 Strong positive 
Diabetic+flakes 5% 5.0±0.0 3.0±0.0 8.0±0.0* Strong positive 
Diabetic+flakes10% 4.4±0.5 2.9±0.3 7.2±0.7 Strong positive 
Diabetic+flakes 20% 4.1±0.3 2.7±0.5 6.5±0.7 Intermediate positive 
Normal Control 2.7±0.5 2.2±0.8 5.0±1.2* Intermediate positive 
The values represent the mean±SD; Each group consisted of five animals; Experimental groups were statistically compared with the corresponding 
values of the diabetic control according to multiple comparisons by Mann-Whitney’s test; The proportion score included the fraction of positively 
stained colon was as follows: 0 = none, 1 = 1/100th; 2 = 1/100th to 1/10th; 3 = 1/10th to 1/3; 4 = 1/3 to 2/3; 5 =>2/3. Finally, the two scores 
(proportion score and intensity score) were combined and the total score of Allred was given. The estimated average staining intensity of the 
positive cells was expressed as follows; 0 = none; 1 = weak; 2 = intermediate; 3 = strong. For the statistical of serotonin expression, the score of 1-3 
was considered low, the score of 4-6 was considered intermediate and the score of 7-8 was considered high. *Values are statistically significant at 
p<0.05. **Values are statistically significant at p<0.01. 
 
Table 5: Serotonin immunohistochemical analysis in the pancreas for control, STZ-diabetic and diabetic treated rats after three-week 
treatment with banana peel flakes 
Parameter Diabetic 
control 
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The values represent the mean±SD; Each group consisted of five animals; Experimental groups were statistically compared with the corresponding values of 
the diabetic control according to multiple comparisons by LSD test, The proportion score included the fraction of positively stained colon was as follows: 0 = 
none, 1 = 1/100th; 2 = 1/100th to 1/10th; 3 = 1/10th to 1/3; 4 = 1/3 to 2/3; 5 =>2/3. Finally, the two scores (proportion score and intensity score) were 
combined and the total score of Allred was given. The estimated average staining intensity of the positive cells was expressed as follows; 0 = none; 1 = weak; 
2 = intermediate; 3 = strong. For the statistical of serotonin expression, the score of 1-3 was considered low, the score of 4-6 was considered intermediate 
and the score of 7-8 was considered high. *Values are statistically significant at p<0.05. **Values are statistically significant at p<0.01. 
 
 
Fig. 1: Microscopic photographs of colon stained with IHC, showing weak, intermediate and strong positive serotonin expression 
 
 
Fig. 2: Microscopic photographs of pancreas stained with IHC, showing weak, intermediate and strong positive serotonin expression 
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In the present study, diabetic rats registered a weight loss, while the 
diabetic control group showed a progressive reduction in body 
weight. This finding is in agreement with previous research [26, 27]. 
The reduction of body weight can be due to the excessive 
breakdown of tissue proteins in diabetic rats [27, 28]. Data indicated 
that the treatment of diabetic rats by Musa balbisiana Colla peel 
flakes had an inhibitory effect on body weight with a progressive 
reduction in diabetic rats. The banana peel flakes contain flavonoids, 
and research has shown that treatment with flavonoids significantly 
restored reduced body weight [29]. This finding is similar to the 
previous study about Musa Balbisiana Colla treatment showing it has 
a positive effect on body weight [21] and demonstrating that there 
was an inverse relationship between the intake of flavonoids and 
excess body weight [30]. 
Banana peels are rich in dietary fiber that could help treat 
constipation and improve general health [31]. The observed 
differences in the total weight of feces may be explained by changes 
to the composition of the diets. This finding has confirmed that 
diabetic rats group who consumed banana peel flakes that rich in 
dietary fiber had heavier feces than the control groups (both normal 
and diabetes-induced with a standard diet). A diet containing dietary 
fiber can increase bacterial metabolic activity, causing an augmented 
proliferation of colon mucosa cells [32]. This condition could alter 
the fecal weight due to their ability to resist dehydration, contrary to 
the absorptive ability of the colonic mucosa to retain water in the 
gastrointestinal tract [33]. 
The diabetic condition is associated with alteration of gut microflora 
composition and activity [34]. All diabetic mice displayed alterations 
of the intestinal homeostasis, suggesting that the inflammatory 
environment may exhibit modifications of intestinal absorptive 
capacity characterized by an increase of glucose and/or lipid 
absorption [35, 36], which alters the energetic metabolism. Gut 
microflora plays an essential role in communication between the 
enteric and central nervous system, and the integration between 
nerve, endocrine, and the immune system is known gut-brain axis. 
Diseases that are linked with glucose metabolic disorders such as 
diabetes indicate that in the diabetes condition, there is a disruption 
in the gut-brain axis, and this may lead to the uncontrolled of 
hyperglycemia and insulin resistance.  
There is also another pathway of correlation between gut microflora 
and metabolic disorders, i.e., the intestinal tract could produce 
incretins such as Glucagon-Like Peptide-1(GLP-1) or Gastric 
Inhibitory Polypeptide (GIP) and interestingly, the diabetic mice 
display an alteration of gut endocrine such as the decrease of GLP-1 
and GIP producing cells [10]. Prebiotic treatment in diabetic mice 
can restore the level of GLP-1 to improve glucose metabolism, and 
banana is known to have a capacity to improve human health due to 
its resistant starch. In vitro prebiotic evaluation of bananas resulted 
in increases in Lactobacillus species populations, and pH reduction 
that provides an unfavorable condition for the growth of pathogens 
[37]. Meanwhile, the fermentation of resistant starch in the large 
intestines generates short-chain fatty acids (SCFAs), including 
formic, acetic, propionic, butyric, isobutyric, valeric, isovaleric and 
caproic acids, thereby reducing the pH of the colon, which prevents 
the carcinogenic amines and improves fecal excretion.[38] However, 
very few data are available about the effect of heating on the 
prebiotic potential in banana products in modern food processing, 
i.e., the banana chip process may significantly decrease the 
availability of resistant starch in the colon. 
Lactobacilli and Bifidobacteria spp. were found to flourish in the 
caecum in other food processing such as raw banana flour, which 
significantly increased the growth of L. acidophilus in vitro since of 
presence the resistant starch [37]. Other studies have shown that 
resistant starch also could improve metabolic health by circulated 
the inflammatory mediators [39] via bile acids, which may be a 
potential mechanism to improve glucose homeostatic and insulin 
resistance [40].  
In addition to the above explanations, inflammatory conditions in 
people with diabetics will cause strong competition between 
serotonin and the first downstream metabolite of tryptophan, the 
kynurenine pathway. Therefore, more kynurenine is produced 
compared to serotonin [41]. If this happens in the brain, it may affect 
depression then decreased the energy levels [42] and neural 
plasticity changes due to the formation of AGEs product, vascular 
dysfunction, and an increase in hypothalamic pituitary adrenal 
(HPA) axis activity which will cause an increase in cortisol secretion 
[43]. Cortisol is a glucocorticoid that will work to maintain blood 
glucose concentration by maximizing liver glucose output so that it 
could increase blood glucose concentration [44]. All these 
mechanisms cause diabetic patients who were depressed to have 
difficulty in controlling blood glucose concentration. Chronic 
hyperglycemia has been implicated in the onset of diabetes and its 
complications, and it could induce the production of reactive oxygen 
species and ultimately lead to oxidative stress and pancreatic cell 
damage. A strong correlation was observed between vitamin C [45], 
phenolic content, and radical scavenging activity in the banana 
cultivar. 
In the present study, we have employed the Tail Suspension Test 
with the intervention of banana peel flakes to analyze the 
antidepressant-like effects. Our data revealed banana peel flakes 
dose-dependently diminished the immobility time of diabetic rats, so 
that banana peel flakes can be looked upon as promising 
antidepressant medicine. Several studies suggested the possibility 
that banana peel flakes facilitated serotonergic transmission by 
inhibition of monoamine oxidase enzyme, and it elevated the 
concentration of norepinephrine and serotonin in the brain [46]. A 
previous study showed that rats administered with pulp and peel 
extract of Musa sapientum had significantly decreased immobility 
time, as observed in the Forced Swim Test, which indicated an 
antidepressant-like effect [47]. Formerly, it has been reported that 
phenolic phytochemicals in banana reduce neurotoxicity [48]. Musa 
paradisiaca paste reduced the level of malondialdehyde, which 
indicated a decrease of free radicals, showing that the antioxidant 
effect of banana fruit may be protecting the brain from oxidative 
damage [46]. 
It has been known that serotonin is present in the colon and 
pancreatic β cells, but the physiological role of serotonin in 
regulating blood glucose concentration is unclear yet. In this study, 
we demonstrated that the consumption of banana peel flakes for 
three weeks period was associated with blood glucose concentration 
and immobility time scores in rats. The expression of serotonin was 
significantly lower after the consumption of banana peel flakes when 
compared with the diabetic control group. Earlier studies have 
demonstrated the decreased concentration of serotonin in mice 
colons that consumed wholegrain rye intake. Serotonin is produced 
in the gut by epithelial enterochromaffin cells and brainstem by two 
distinct rate-limiting enzymes, viz., tryptophan hydroxylase 1 
(Tph1) and tryptophan hydroxylase 2 (Tph2), respectively [49]. 
Increased blood serotonin has been associated with reduced 
glycemic control, and inhibition of serotonin synthesis in the 
enterochromaffin cells may reduce metabolic dysfunction and 
enhance the condition of type 2 diabetes [50]. In the present study, 
banana peel flakes could significantly decreased serotonin 
expression in the colons in the diabetic model group in the IHC 
assay, because banana peel consumption has been linked with 
enhanced insulin sensitivity and diminishment of metabolic risk 
factors for type 2 diabetes. Resistant starch in banana peel flakes 
exerts several beneficial effects by improving insulin resistance and 
glucose homeostatic both in healthy individuals and those pre-
diabetic individuals with metabolic syndrome [51]. 
This study found that in the diabetic condition, the expression of 
serotonin in the colon was higher. This finding is in agreement with 
a previous report [52], showing it could be a trigger of diabetic 
complications through contraction of smooth muscle cells in the 
arterial wall and platelet aggregation [53]. This study also reported 
that serotonin expression in the pancreas was not significantly 
different in normal conditions compared to diabetes, and based on 
these results; diabetic conditions did not inhibit the expression of 
serotonin. Serotonin was well distributed in the normal group and 
the pancreas of diabetic rats and has stimulatory effects on insulin 
secretion from normal pancreatic tissue. Henceforth in the diabetic 
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condition, serotonin increased glucagon release in uncontrolled 
diabetes [54]. In normal conditions, serotonin modulates α-cell 
pancreas function by acting as an inhibitor [55] supporting the 
hypothesis that banana peel flakes 20% had an inhibitory effect on 
glucagon secretion from diabetic pancreatic rats. The consumption 
of banana peels is beneficial to human health due to the high content 
of resistant starch, which acts in the body as dietary fiber with slow 
digestion and lowers glycemic index [56]. The possible mechanisms 
are the low rate of digestion in the small intestine and the induction 
of gut hormone release, mainly glucagon-like peptide 1 (GLP-1) and 
peptide YY (PYY), through the stimulation of intestinal L-cells by 
short-chain fatty acids (SCFA), and possibly GLP-1 could inhibit 
glucagon secretion [57, 58]. 
CONCLUSION 
Three weeks of the standard diet intake containing banana peel flakes 
have a potential antidepressant effect, mainly by suppressing the 
blood glucose of diabetic rats. In our understanding, the inhibition of 
intestinal absorption of glucose was proposed as a probable 
mechanism for the reduction of blood glucose. It may result in the 
body no longer needing additional insulin to maintain glucose 
homeostatic. Therefore serotonin expression in diabetic pancreatic 
tissues was decreased as the plasma and blood glucose decreased. It 
may conclude that banana peel flakes have an antidepressant effect in 
the diabetic rat’s model, which might occur through the mechanism of 
controlling blood glucose concentration by the phytochemical 
compounds. The compounds include antioxidants and tryptophan as 
precursors for the formation of serotonin and dietary fiber in 
normalizing the function of the gut-brain axis. 
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